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ABSTRACT: A portion of the ligand binding domain for atrial natriuretic peptide (ANP) was identified as
an affinity cross-linked proteolytic fragment of bovine adrenal natriuretic peptide receptor type-A
(NPR-A). Affinity purified NPR-A was UV-cross-linked to the amino terminus!®f-[Tyr2] rat ANP-
(2—27). A chymotryptic fragment of the affinity labeled NPR-A was isolated by chromatography and
electrophoresis. This fragment yielded a major microsequence corresponding to a region fiéhtdMet
Phé® of the receptor extracellular domain and containing one N-glycosylation site at°AdBovine
NPR-A receptor was then cross-linked to the carboxy terminus of the highly efficient photoaffinity derivative
129-[Tyr18 Bpa&’] rat ANP(1-27). Proteolysis of the affinity labeled NPR-A with cyanogen bromide and
trypsin produced radiolabeled and glycosylated fragments of size 15 and 9 kDa, respectively, which
contained the epitope A&-Phd88 (CS328) and which were detectable by immunoprecipitation with a
monospecific polyclonal antibody against CS328. Proteolysis with cyanogen bromide followed by Glu-C
produced a shorter photolabeled 6 kDa fragment which was not immunoprecipitable by anti-CS328 antibody
and which was not glycosylated. The results lead to the identification of the short segmétitAxgp®®

as the site of covalent binding of [T\fBp&’] rat ANP(1—-27). This hydrophilic region is adjacent to

the epitope 11&8-Phé® and to the glycosylation site A¥H. It displays the species variability and the
high surface probability expected for a portion of the binding domain of NPR-A in contact with ANP.

Natriuretic peptides are a family of closely related factors to a growing family of membrane-bound guanylate cyclase
which exert profound regulatory effects on cardiovascular proteins (Flle et al, 1995). NPR-A and NPR-B are
homeostasis (Genest & Cantin, 1988; Inagami, 1989; Brennernoncovalent homooligomers characterized by four do-
etal., 1990). Natriuretic peptide type-A (ANR$ the main mains: the extracellular domain which provides the binding
cardiac natriuretic factor synthesized in atrial cardiomyocytes. site for the activating peptide; the transmembrane domain;
Its role as a major cardiovascular factor opposing the renin  the kinase homology domain which binds ATP and which
angiotensin system has been documented in the kidney, thenodulates receptor activation; and the guanylate cyclase
adrenal, and the vasculature and was recently confirmed bycatalytic domain (Chinkers & Wilson, 1992; Lowe, 1993).
gene knockout experiments (John et al., 1995). BNP sharesactivation of NPR-A appears to require dimer or oligomer
most of the biological properties of ANP while CNP which  formation (Chinkers & Wilson, 1992; Lowe, 1993). How-
can be synthesized in endothelial cells is predominantly ever, in contrast with growth factors and cytokines, natriuretic
vasorelaxant (Aburaya et al., 1989; Stingo et al., 1992).  peptide binding has not been shown to induce dimerization

NPR-A and NPR-B receptors are selective for ANP and of their receptor. NPR-C receptors are structurally and
CNP, respectively (Chinkers et al., 1989, 1991; Lowe et al., functionally distinct (Fuller et al., 1988). They are consti-
1989; Koller et al., 1991). These two receptor classes belongtuted of disulfide-bridged dimers with short cytoplasmic

domain and devoid of guanylate cyclase activity. Receptor

R . . isoforms of NPR-A (Tallerico-Melnyk et al., 1995), NPR-B
of Csaﬂg%c;r.ted by a Program Grant from the Medical Research Council (Okyama et al., 1992), and NPR-C (Mizuno et al., 1993)
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L Abbreviations: ANP, atrial natriuretic peptide; BNP, brain natri- - and 49-residue intrachain loops while the last one (or two)
uretic peptide; CNP, C-type natriuretic peptide; NPR-A, type-A s involved in covalent homodimer formation (Itakura et al.,

natriuretic peptide receptor; NPR-B, type-B natriuretic peptide receptor; . ; ; _
NPR-C, type-C natriuretic peptide receptor: BPA-ANP, [Fyr 1994; Stults et al., 1994). Intrachain loops in NPR-C appear

benzoyl-Ph&rat ANP(1—27); TyR ANP, [Tyr] rat ANP(2—27); to be_ requir_ed for maintaining_natriuretic peptide binding
CS328, peptide YITVDHLEF; PABAp-aminobenzoic acid; EDTA, function while covalent homodimer formation can be pre-

ethylenediaminetetraacetic acid, sodium salt; DTT, dithiothreitol; HPLC, i i i indi
high-performance liquid chromatography; SDS, sodium dodecyl sulfate; vented apparently without changing peptide binding (Itakura

PAGE, polyacrylamide gel electrophoresis; CNBr, cyanogen bromide; e_t al., 1994). Three of the four potential N'g|ycosylati9n
BSA, bovine serum albumin. sites are actually glycosylated (Stults et al., 1994). Site-
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directed mutagenesis has identified several amino acid1992). PABA, TPCK-treated trypsin, chymotrypsin, pep-
residues important for receptor function. HMisand Trg% statin A, bovine serum albumin (BSA), glutaraldehyde, and
which are highly conserved among all natriuretic peptide peptide molecular weight markers were from Sigma. Leu-
receptors appear to be either constituents or determinants opeptin, pefabloc, aprotinin, endoproteinase Glu-C, endogly-
the peptide binding domain (lwashina et al.,, 1994). In cosidase F/N-Glycosidase F, sodium dodecyl sulfate, glycine,
addition, variable residues 188 (lle or Ala) and 205 (Tyr, tricine, and acrylamide were from Boehringer Mannheim.
His or Asn) are also involved in determining species lodo-beads were from Pierce Chemical Co., and carrier free
differences of ligand binding specificity (Engel et al., 1994, Na'?3 was from Amersham. Electrophoresis molecular
1995). weight markers were from Bio-Rad. LH-60 agarose and
For NPR-A and NPR-B receptors extracellular domain Protein A Sepharose were from Pharmacia. Centricon-100
disulfide-bridged intrachains have not yet been demonstratedultrafiltration units wer from Millipore. All other reagents
but conservation of the first four cysteine positions in NPR-A were from commercial sources.
and of three positions for NPR-B suggests the existence of Preparation of MembranesBovine adrenal zona glom-
equivalent loops (ltakura et al., 1994; Stults et al., 1994). erulosa membranes were prepared as previously described
Site-directed mutagenesis has identified ¥¥éand GIi#3? (McNicoll et al., 1992) and stored at70 °C until used.
as potentially important determinants of natriuretic peptide  lodination of BPA-ANP and TyrANP. Briefly, the
binding specificity in NPR-A and NPR-B, respectively (Duda peptide (3 nmol) was incubated with 1 mCi of Rain the
et al., 1995). Five of the seven consensus sites for N- presence of two lodo-Beads, and the monoiodinated deriva-

glycosylation of NPR-B are substituted, and Asglyco- tive was purified on reverse-phase Vydac C18 column as
sylation is crucial for proper receptor function (Fenrick et previously described (McNicoll et al., 1992). The specific
al., 1996). activity of the monoiodinated derivative was2000 Ci/

Covalent labeling of growth factor receptors, e.g., EGF mmol.
and insulin with their activating peptide, has been used to  Purification of NPR-A and Photolabeling witk3-Tyr?
delineate important regions of the peptide binding domain ANP. Bovine zona glomerulosa membrane receptors were
of their receptor (Lax et al., 1988; Wu et al., 1990; Yip et solubilized and purified to homogeneity by affinity chroma-
al., 1988; Waugh et al., 1989). The experimental approachtography on ANF-agarose, followed by steric exclusion
involved proteolytic cleavage of ligand cross-linked receptor Superose 6 HPLC column (Meloche et al., 1988). One part
using agents, e.g., CNBr, Glu-C, or other proteases. Theof that preparation was digested with trypsin at 25
proteolytic fragment covalently attached to the ligand was according to methods described un&eoteolytic Cleaage
identified by a combination of methods including immuno- and purified by HPLC on reverse-phase Vydac C18 column
detection of a characterized epitope in the extracellular using a gradient of 1555% of acetonitrile in 0.1% TFA.
domain. In few cases the specific amino acid residue Peaks detected by absorbance at 214 nm were collected
covalently attached to the ligand could be unambiguously manually and microsequenced. The other part of pure
identified, but more often a segment of the linear sequencereceptor preparation was photolabeled witA-Tyr?ANF
of the receptor was localized within the peptide binding using malondialdehyde generated by UV irradiation (Larose
domain. et al., 1990). The photolabeled protein was cleaved with

We have previously shown that underivatized ANP can chymotrypsin as detailed in section on proteolytic cleavage
be UV-cross-linked through its amino-terminal end with an and loaded on 10% SBDSPAGE according to Sclyger and
efficiency equivalent to that of azido-derivatives of natriuretic Jagow (1987). The radioactive band (14 kDa) was eluted
peptides (Larose et al., 1990). We have previously developedand chromatographed on LH-60 steric exclusion gel (22 mL
the highly efficient derivative [Ty#,Bp&’] rat ANP(1-27) swollen gel) in 21% formic acid, 66% ethanol, and 13%©oH
containing the photosensitive derivative benzoylphenylala- according to modifications of methods described (Gerbers
nine (Bpa) (McNicoll et al., 1992). We have also modified et al., 1979). The fractions containing the photolabeled
this photoaffinity derivative by including an azido derivative fragment were pooled and microsequenced.
at its amino-terminal end (Rondeau et al., 1995). Application Microsequencing of Proteolytic Fragment®utomated
of this bifunctional photosensitive ANP analog to the study Edman degradation was performed using an Applied Bio-
of NPR-A provided evidence that one molecule of ANP is system Model 477A liquid-pulse protein sequence, and amino
binding per NPR-A receptor dimer and that the amino- and acid phenylthiohydantoin derivatives were identified accord-
the carboxy-terminal ends of ANP might be adjacent to ing to the protocol recommended by the manufacturer on a
distinct subunits of the receptor dimer (Rondeau et al., 1995). Model 120A HPLC system.

In this study, we have isolated and characterized ANP- CS328 Antibody Production and Immunoprecipitation.
labeled proteolytic fragments of bovine adrenal NPR-A using The peptide YITVDHLEF (CS328) corresponding to the
two ANP derivatives: [Tyf] rat ANP(2—27) which can be  carboxy terminal of a microsequenced chymotryptic fragment
UV-cross-linked through its amino terminal and [BBpa”] of NPR-A was coupled to BSA using glutaraldehyde, and
rat ANP (1-27) which is efficiently incorporated through  100ug of conjugate was injected subcutaneously to rabbits.
its carboxy terminal. Alignment of the overlapping sequence Antibodies obtained after three boosts were characterized
of proteolytic fragments with the primary amino acid (Rondeau et al., 1995). For immunoprecipitation samples
sequence of NPR-A enabled the identification of a short were incubated with anti-CS328 antibody diluted 1:40 in a
region in contact with ANP. final volume of 10QuL containing 50 mM sodium phosphate

and 1% Triton X-100, pH 7.4. After incubation at€@ for
EXPERIMENTAL PROCEDURES 18 h, 20uL of protein A Sepharose was added, and the

Materials. BPA-ANP and Tyf ANP were synthesized incubation was continued for 4 h a€. The gel was then

by IAF Biochem as previously described (McNicoll et al., washed four times with 10 volumes of incubation buffer,
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and the radioactive fragments were eluted in sample buffer, 1000

at 100°C for 3 min.

Receptor Binding and Photolabeling witffl BPA-ANP.
Membranes were incubated in the dark in the presence of
100 pM?*23 BPA-ANP in 50 mM Tris-HCI, pH 7.4, 0.1 mM
EDTA, 5 mM MnCl, and 0.5% BSA (buffer A). After 90
min at 22°C, the proteins were pelleted at 40@0@r 30
min and resuspended in 50 mM Tris-HCI, pH 7.4, 0.1 mM
EDTA, 5 mM MnCk, and 0.1 mM PABA (buffer B).
Following irradiation with UV lamps (365 nm) for 15 min i
at 4 °C, the membranes were centrifuged and denatured at ~ \'\_
100 °C for 3 min in sample buffer (62 mM Tris-HCI, pH 0 . .
6.8, 2% SDS, 10% glycerol, 5% 2-mercaptoethanol, and 0 10 2 30
0.05% bromophenol blue). Buffers A and B were degassed FRACTION NUMBER
under vacuum, sparged with nitrogen, and used in cappedFiGURE 1: Isolation of ANP-photolabeled NPR-A chymotryptic
tubes in order to minimize lipid peroxydation. fragment by electrophoresis and size exclusion chromatography.

. . Affinity-purified bovine adrenal NPR-A was photolabeled wAtH-
Preparative Electrophoresis.The photolabeled receptor  tyr2. ANP by UV-cross-linking. The amino terminus of the peptide

was purified by PAGE on a 3 mm thick 7.5% SDS gel was covalently attached to a free amino group of NPR-A by reacting
(Laemmli, 1970). Bands corresponding to 130 kDa proteins with malondialdehyde generated by lipid peroxydation. The pho-
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were sliced into 1mffragments and eluted twice in five
volumes of 0.1% SDS/50 mM NMHCQO;. Proteins were
concentrated on Centricon-100 up to 2 mg/mL.
Reduction and Alkylation.Reduction was performed at
room temperature, with 5 mM DTT in 50 mM ammonium
bicarbonate for 90 min under nitrogen. After addition of

tolabeled receptor was proteolyzed with chymotrypsin, and the
fragment was first isolated by 10% SBEAGE (inset) and then

by LH-60 size exclusion chromatography in ethanol/acid mobile
phase.

domain (Liu et al., 1989). More recent results also showed
that a single molecule of ANP was binding to the NPR-A

10 mM iodoacetic acid, the incubation was continued in the dimer and that the amino- and the carboxy-terminal ends of

dark for an other 60 min under nitrogen.
Proteolytic Cleaage. Prior to cleavage at methionines

ANP could be interacting with distinct subunits of the
receptor dimer (Rondeau et al., 1995).

the receptor preparation was reduced by incubation with 100 e first attempted covalent attachment of ANP to NPR-A

mM SB-mercaptoethanol for 4 h followed by dialysis. CNBr
cleavage was performed in 70% formic acid for 20 h at 22
°C with CNBr at 1 mg/mg of protein. The digestion medium
was diluted 10-fold with water, and the reaction mixture was
freeze-dried. Trypsin digestion was performed using§0
of enzyme/mg of protein in 50 mM NHICO;, 2 mM CacCl,
pH 8.5, for 18 h at 37C. Glu-C treatment was done with
50 ug of enzyme/mg of protein in 50 mM NHICOs, pH
7.8, for 18 h at 22C. Chymotryptic fragments were ob-
tained by incubation with TPCK-treated chymotrypsin at
50 ug/mg of proteins in 50 mM NEHCO; and 2 mM
CaCl, pH 8.0, for 18 h at 25°C. Deglycosylation was
performed with N-glycosidase F at 50 milliunjtg/ of protein
in 250 mM sodium phosphate buffer, pH 7.5, 10 mM
mercaptoethanol, 10 mM EDTA, and 0.6% Triton-X100 for
24 h at 25°C.

Electrophoresis and Western BlottinGDS-PAGE elec-
trophoresis was done with Tricine as the trailing ion

by using a method based on the UV-generated cross-linking
agent malondialdehyde which covalently attackH8sANP
through its amino terminal to primary amines of the receptor
protein by forming a Schiff base bond (Larose et al., 1990;
Manwaring & Csallany, 1988; Chio & Tappel, 1969; King,
1966). We modified the ANP peptide to [Fyrat ANP-
(2—27) so that the radiolabeled tyrosine positioned at the
amino terminus could be retained in a chymotryptic fragment
of the ANP-cross-linked receptor.

Bovine adrenal zona glomerulosa NPR-A protein was
purified by affinity chromatography using Affi-Gel-ANP
(Meloche et al., 1988). The affinity-purified receptor was
UV-cross-linked with'?3-[Tyr?] rat ANP(2-27), and the
covalent ligane-receptor complex was cleaved with chy-
motrypsin. The radiolabeled fragment was isolated by SDS
PAGE electrophoresis and by size exclusion chromatography
on LH-60. Figure 1 shows that a main 7 kDa peak was
obtained after separation from fr&8-Tyr2 ANP. Following

according to Scfgger and Jagow (1987). The fragments yreatment with N-glycosidase F, this fragment migrated on
separated on gel were transferred on Nitrocellulose in 25 gps-pPAGE down with the elution front corresponding to

mM Tris, 192 mM glycine, and 20% methanol, using LKB 3 small molecular weight2 kDa, indicating that it was
Novablot system, and radiolabeled fragments were detectedyycosylated (data not shown).

by autoradiography.

RESULTS

Microsequencing of this chymotryptic fragment provided
a major sequence MXVXDXLXITVDXLEF corresponding
to region Met’3-Phé®® of the NPR-A receptor sequence

The experiments presented aimed at localizing the binding (Figure 5). As expected, arginines 174, 176, and 178 were

domain for ANP in the extracellular portion of NPR-A.

not clearly detected, presumably because of their modifica-

Photoaffinity labeling of the receptor protein and character- tion during UV-cross-linking (King, 1966). This interpreta-

ization of its proteolytic fragments were attempted in order
to directly identify a primary sequence region involved in
ligand—receptor interaction. Earlier results indicated that
lectins could interfere with ANP binding, suggesting that a
glycosylation site might be in the vicinity of the ANP binding

tion is supported by the observation of incomplete proteolysis
of NPR-A receptor protein with trypsin following UV-cross-
linking (data not shown; King, 1966). A& was not
detected consistent with its expected N-glycosylation.*®lis
was not positively identified. The two positions A%pand



Localization of NPR-A Binding Domain Biochemistry, Vol. 35, No. 39, 19962953

Leu® which display species variability were identical to A B
those for human NPR-A sequence (Figure 5; Schoenfeld et

al., 1995). This result is consistent with those obtained by

extensive microsequencing of bovine NPR-A tryptic frag-

ments which provided sequences encompassing nearly 20% 45

2 3 1 2 3

LS ]

Mr x 103

1
=
of the protein (data not shown). Comparison of bovine
NPR-A tryptic fragment sequences with those reported for 31— o
other species indicated that bovine NPR-A displayed higher |
overall identity homology with human (97%) than with rat 21 ' . o
(95%) or mouse (92%) NPR-A, the difference being even
more pronounced (98% versus 94% and 89%) when only 14 - — 4
the extracellular domains were considered (data not shown). -
Therefore, human NPR-A sequence was currently used as a 66 — | — ¢
reference for the following studies of bovine NPR-A. }

Microsequencing of the chymotryptic fragment also pro-
vided a minor sequence XYPPPDVPXGF..., corresponding Figure 2: Separation of proteolytic fragments of BPA-ANP
to a region beginning at Gt# and possibly ending with-  photolabeled NPR-A receptor. Bovine adrenal NPR-A was photo-
in the transmembrane domain. This minor sequence dOeg(?ﬁr?éidlyig]l\llgr-?oFI)Iﬁ\;vAé%Pb tht?n spi:]oz‘le:rl)ge% V\g:hcﬁg:gfroﬁcln(\)/\r}:d
not contain a pOte.n.tl.al glycosylation site. - Although both by GIu-Cl (lanes 3). Aquuot)é fr)(l)Fr)n the proteoI’ysis reacting media

. NC&yvere either immediately prepared for SDBAGE (panel A) or

Met!73-Phé®8was selected and used for raising monospecific immunoprecipitated with anti-CS328 antiserum before electro-
polyclonal antibodies against its carboxy-terminal portion phoresis (panel B).
llel8-Phée®® (CS328).
In order to further document a proteolytic fragment
obtained from ANP binding domain, we used the high
efficiency photoaffinity derivative [Ty#,Bpa7] rat ANP-

(1—27) which can be cross-linked to the receptor protein 37.5—

through its carboxy terminal (McNicoll et al., 1992). This 292

derivative is based on the photosensitive amino acid Bpa

which efficiently forms a stable covalent bond with electron- e

rich C—H bonds, e.g., backbone,€H, Cs—H of valine, > 78—

C,—H of leucine, and Ckigroups adjacent to heteroatoms t

in lysine, arginine, and methionine (Dorman & Prestwich, = 0.0

1994). Positioning of the photosensitive derivative at the ’ n “
carboxy-terminal end of ANP appeared optimal because this

region is critical for high affinity binding to NPR-A, therefore 44—

favoring attachment of ANP to residues within the ligand
binding pocket. Additional cross-linking of the radioligand
through its amino terminal due to lipid peroxydation and
production of malondialdehyde was prevented by performing
UV photoactivation in M-saturated buffer in the presence

of the radical scavenger PABA. E 3 Effect of dedl lati teolvtic s of
) ; i IGURE 3: Effect of deglycosylation on proteolytic fragments o
Photolabeled NPR-A was cleaved with cyanogen bromide BPA-ANP photolabeled NPR-A receptor. Bovine adrenal NPR-A

and the presence in the proteolytic fragments of the CS328,y45 photolabeled witk?3-BPA-ANP then cleaved with CNBr. The
epitope was studied by immunoprecipitation with anti-CS328 proteolytic fragments were separated on SIPAGE, and the major
antibody. Cyanogen bromide cleavage of photolabeled 15 kDa band was eluted then treated with none (lanes 1 and 3) or
NPR-A yielded a major fragment at 15 kDa with additional VGv'eUr'eCﬂ(thﬂgf t2reaantg (;‘)\}V:tr;]ae‘jr?(;téorr:sgs%ﬂsez ?:hoﬁ]ie” 'aerl‘ev\séag:gcdf
bands at 40, 32’ and 1.2 kDa (Figure .ZA)' This proteolytic trotransferred to nitrocellulose a%c?ll radioactive bands%vere detected
cleavage profile was highly reproducible. Pretreatment of py phosphorimager.

photolabeled NPR-A with the reducing agent DTT did not

lead to more complete cleavage suggesting that largertryptic fragment also indicated that it contained the epitope
fragments were not due to oxydation of methionines (data lle®-Phé® (Figure 2B). The major tryptic fragment could
not shown). Photolabeled cyanogen bromide fragments werebe interpreted as ranging from V& to Arg'°® of NPR-A

also immunoprecipitable by an anti-CS328 antibody indicat- assuming poor cleavage at Af§and Arg’® due to neigh-

ing that they contained the CS328 epitope (Figure 2B). bouring Aspg’” and with cleavage of covalently attached
These results suggested that the major 15 kDa cyanogerBPA-ANP after Arg* (Figure 5).

bromide fragment might correspond to the region of NPR-A  On the other hand subsequent treatment with Glu-C of

from Arg'’#to Mef?3 assuming poor cleavage at ¥Rtor CNBr fragments lead to a major 6 kDa band together with
its replacement with V& as in rat and mouse NPR-A additional 16 and 25 kDa bands (Figure 2A). No radioactive
(Figure 5). band could be detected after immunoprecipitation of the

Further proteolysis with trypsin of CNBr fragments of fragments obtained with CNBr together with Glu-C (Figure
photolabeled NPR-A led to a major fragment of 10 kDa 2B). The major 6 kDa band is compatible with the
(Figure 2A). Immunoprecipitation of this photolabeled unglycosylated fragment At to Met?3 which does not
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1 2 3 fragment which could be further reduced to 5 kDa by
deglycosylation and was therefore glycosylated (Figure 4).
Proteolysis of the 15 kDa cyanogen bromide fragment with
both trypsin and Glu-C resulted in a small 2.5 kDa fragment

"‘, 178 — (Figure 4). This small photolabeled fragment is compatible
S with region Asp®to Arg'®® and corresponds to the shortest
v photolabeled NPR-A fragment documented.
[ 9.0 - m

| o
= ' DISCUSSION

44 — Ry,

Photochemistry of benzophenone photophore has been
widely applied to determining ligand binding sites (Dorman
& Prestwich, 1995). These derivatizes, e.g., benzoylpheny-
lalanine (Bpa), are highly efficient and the required geometry
of the hydrogen abstraction and recombination steps limits

Ficure 4: Properties of tryptic fragments of BPA-ANP photola- ; ; e
beled NPR-A receptor. Bovine adrenal NPR-A was photolabeled :Ee reacttl)on tofa the;_rel of3.1 'f‘ rad_ltus, ttheref_(()jre re;trlcltlng
with 128-BPA-ANP and then cleaved with CNBr. The proteolytic 1€ NUMDEN Of potential aCCEPtor SItes (o resiaues in close

fragments were separated on SDS-PAGE and the major 15 kDacontact. MOdeIing of ANP three-dimensional structure based
band was eluted then treated with trypsin alone (lane 1), trypsin on NMR studies of derivatives indicates that its carboxy-
and endoglycosidase F (lane 2), or both trypsin and Glu-C (lane terminal end is looping back toward the important intraloop
3). The gel was electrotransferred to nitrocellulose and radioactive region Ph&lle’s so that residue AR is juxtaposed to this
bands were detected by Phosphorimager. In the experiment shown, ~<. .

fegion (Fairbrother et al., 1994). Replacement of Alry

proteolysis with Glu-C was incomplete. ' - . =4
Bp&’ in ANP is therefore strategic and properly positions

contain the CS238 epitope (Figure 5). Alternatively, Glu-C this photoreactive residue for optimal probing of the ligand
might have altered the CS328 epitope by cleaving at@lu  binding pocket of NPR-A.
resulting in fragment Mét® to GIu'®’, Interestingly, our results document that the proximal region
The alternative interpretations of the CNBr with Glu-C Met!">Phé?® of the NPR-A protein is also probed by
fragments were tested by studying the effect of deglycosy- covalent cross-linking of ANP through its amino terminus.
lation on proteolytic fragments of photolabeled NPR-A. The This region is immediately adjacent to A8pArg'® of the
15 kDa cyanogen bromide fragment was first isolated by receptor which is in contact with the carboxy terminus of
SDS-PAGE from other minor fragments and then subjected ANP. This suggests that the amino- and the carboxy-
to either Glu-C or trypsin treatment or to both and then with terminal ends of ANP are in contact with closely positioned
N-glycosidase. As documented above (Figure 2) treatmentregions of NPR-A. These results appear contradictory to
of the 15 kDa CNBr fragment with Glu-C reduced its size those on modeling of ANP which suggest that the amino-
to 6 kDa (Figure 3). This fragment was not glycosylated as and the carboxy-terminal ends of the peptide are located on
judged by its insensitivity to N-glycosidase (Figure 3). The opposite sides of the molecule (Fairbrother et al., 1994). One
fragment resulting from both CNBr and Glu-C treatments possible interpretation could be that the amino- and the
could be best interpreted as corresponding to regiort®Asp carboxy-terminal ends of ANP might be interfacing with
to MetZwhich is not glycosylated (Figure 5). Cleavage of distinct subunits of NPR-A homodimer, a hypothesis sup-
the 15 kDa CNBr fragment with trypsin lead to a 10 kDa ported by previous results based on a bifunctional photoaf-

173 191 198 223
! I |

AEDDLSHYTRLLRTMPRKGRVIYICSSPDAFRTKM

hNPR-A
tNPR-A L E N Q VGPD PK AVR N

CNBr i

CNBr + Trypsin

CNBr + Glu-C

CNBr + Trypsin
+ Glu-C

Ficure 5: Localization of photolabeled proteolytic fragments in NPR-A. The human NPR-A sequence (hNPR-A) is shown together with
rat NPR-A (rNPR-A). Underlined residues correspond to microsequenced proteolytic fragments from bovine NPR-A. The glycosylation
site is indicated with a Y-shape pointer. The CS328 epitope is highlighted. The overlapping segni€hAAgSe common to fragments
obtained with either CNBr and trypsin (glycosylated) or CNBr and Glu-C (unglycosylated) defines the region of covalent attachment of
BPA-ANP.
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finity derivative of ANP (Rondeau et al., 1995). This ligand activate either NPR-A or NPR-B mutants resulting in loss
binding conformation is analogous to that for GH binding of specificity (Duda et al., 1995). Those residues are
to its dimeric receptor (de Vos et al., 1992). Crystallography localized in a more conserved region than those reported in
of GH—GHR receptor complex reveals that each subunit of the present report and their role in directly or indirectly
the receptor homodimer is presenting the same binding contributing to the ligand binding domain remains to be
pocket for contacting opposite sides of the single GH assessed. Contribution to the ligand binding domain of
molecule bound to the receptor dimer (de Vos et al., 1992). amino acid residues located in distant regions of NPR-A
This sandwiched contacting appears to be important for primary sequence is expected, and further studies will be
inducing receptor dimerization and activation. GH analogs required to assess their importance in determining the
modified at residues determinant for one of the contacting natriuretic peptide binding properties of dimeric natriuretic

sites failed to induce dimerization and lacked the activation
properties of the natural hormone (Wells et al., 1993). In
analogy with the GH receptor, homodimeric NPR-A might
be binding natriuretic peptides by simultaneous interaction
of both receptor subunits with opposite sides of the peptide.
This simultaneous interaction might be required for high
affinity binding characteristics insuring specificity of the
receptor and for proper transmembrane activation of cyto-
plasmic guanylate cyclase domains of the receptor.

Our results obtained by photoaffinity of NPR-A can be

peptide receptors.

REFERENCES

Aburaya, M., Minamino, N., Hino, J., Kangawa, K., & Matsuo, H.

(1989)Biochem. Biophys. Res. Commun. 1880-887.

Brenner, B. M., Ballerman, B. J., Gunning, M. E., & Zeidel, M. L.
(1990) Physiol. Re. 70, 665—-699.

Chinkers, M., & Garbers, D. (1998nnu. Re. Biochem60, 553—
575.

Chinkers, M., & Wilson, E. M. (1992). Biol. Chem. 26,/18589-
18597.

compared with those obtained by site-directed mutagenesischinkers, M., Garbers, D. L., Chang, M.-G., Lowe, D., Chin, H.,
of NPR-C. Engel et al. have documented important residues Goeddel, D. V., & Schulz, S. (198%ature 38 78—83.

for natriuretic peptide binding to the disulfide-bridged NPR-C
(Engel et al., 1994; Engel & Lowe, 1995). Residues®fle
and Asri% appear to be critical for determining species
differences in the affinity of natriuretic peptide analogs
(Engel et al., 1994; Engel & Lowe, 1995). These residues
were putatively determinant for the successful development
of natriuretic peptide analogs displaying very low affinity
for human NPR-C but high affinity for human NPR-A
(Cunningham et al., 1994). Residuesifand Asi® from
NPR-C are localized in the vicinity of the region A8k
Arg*®8that we documented by NPR-A photoaffinity labeling.
lle88 of NPR-C corresponds to H% of NPR-A located
within the epitope [1€8-Phé88 (CS-328) of NPR-A. Ast®

of NPR-C corresponds to TH? located within four residues

of the region AspP-Arg!®® associated with the carboxy-
terminal attachment of ANP to NPR-A. The similar
localization of these residues determined by different meth-
ods, i.e., photoaffinity labeling and site-directed mutagenesis,
suggests that this region is important for natriuretic peptide
binding to both NPR-A and NPR-C. This ANP binding
domain portion of NPR-A is also adjacent to glycosylation
site Asrt®®and is associated with a high probability of being

at the protein surface. These results confirm earlier observa-

Chio, K. S., & Tappel, A. L. (1969Biochemistry 82821-2827.

Cunningham, B. C., Lowe, D. G., Li, B., Bennett, B. D., & Wells,
J. A. (1994)EMBO J. 13 2508-2515.

de Vos, A. M., Ultsch, M., & Kossiakoff, A. A. (1992fcience
255 306—-312.

Dorman, G., & Prestwich, G. D. (19948Biochemistry 335661~
5673.

Duda, T., Goraczniak, R. M., & Sharma, R. K. (19%ipchem.
Biophys. Res. Commun. 21046-1053.

Engel, A. M., & Lowe, D. G. (1995FEBS Lett. 360169-172.

Engel, A. M., Schoenfeld, J. R,., & Lowe, D. G. (1994)Biol.
Chem. 26917005-17008.

Fairbrother, W. J., McDowell, R. S., & Cunningham, B. C. (1994)
Biochemistry 338897-8904.

Fenrick, R., Bouchard, N., McNicoll, N., & Delam, A. (1996)
Mol. Cell. Biochem (in press).

Féethiere, J., & De Lan, A. (1991)Mol. Pharmacol. 40915-922.
Fulle, H.-J., Vassar, R., Foster, D. C., Yang, R.-B., Axel, R., &
Garbers, D. L. (1995Proc. Natl. Acad. Sci. U.S.A. 93571~

3575.

Fuller, F., Porter, J. G., Arfsten, A. E., Miller, J., Schideng, J. W.
Scarborough, R. M., Lewicki, J. A., & Schenk, D. B. (198B)
Biol. Chem. 2639395-9401.

Genest, J., & Cantin, M. (198&e. Physiol. Biochem. Pharmacol.
110, 1-145.

Gerber, G. E., Anderegg, R. J., Herlihy, W. C., Gray, C. P.,
Biemann, K., & Khorana, H. G. (1979®roc. Natl. Acad. Sci.

tions which suggested the presence of a glycosylation site U.S.A. 76227-231.

in the proximity of ANP binding site (Liu et al., 1989). This
region of NPR-A is also one of the most variable and might
also contribute to species differences in NPR-A binding
(Féthiere & De Lean, 1991; Schoenfeld et al., 1995).

Inagami, T. (1989). Biol. Chem. 2643043-3046.

Itakura, M., lwashina, M., Mizuno, T., Ito, T., Hagiwara, H., &
Hirose, S. (199%J. Biol. Chem. 2698314-8318.

lwashina, M., Mizuno, T., Hirose, S., Ito, T., & Hagiwara, H. (1994)
J. Biochem. (Tokyo) 11%63-567.

Site-directed mutagenesis of NPR-C based on highly John, S. W., Krege, J. H., Oliver, P. M., Hagaman, J. R. Hodgin,
conserved residues has provided evidence that residues J. B., Pang, S. C., Flynn, T. G., & Smithies, O. (19%8jence

His'*>Trp!4¢ common to all natriuretic peptide receptors are
critical for natriuretic peptide binding (Iwashina et al., 1994).
Although not yet confirmed for other NPR, these residues
might also be important for NPR-A ligand binding function.
Whether these residues are directly contacting natriuretic
peptides or are indirect determinants for proper ligand
binding domain conformation is yet unknown. Other distinct
residues Let#* and GI¥®? associated with the selectivity
properties of NPR-A and NPR-B, respectively, have been

also documented (Duda et al., 1995). Site-directed mutagen-

267, 679-681.

King, T. P. (1966)Biochemistry 53454-3459.

Koller, K. J., Lowe, D., Bennett, G. L., Minamino, N., Kangawa,
K., Matsuo, H., & Goeddel, D. V. (1991%cience 252120~
123.

Laemmli, V. K. (1970)Nature 227 680-685.

Larose, L., McNicoll, N., Rondeau, J.-J., Escher, E., & Dahe
A. (1990) Biochem. J. 26,7379-384.

Lax, I., Burgess, W. H., Bellot, F., Ullrich, A., Schlessinger, J., &

Givol, D. (1988)Mol. Cell. Biol. 8 1831-1834.

u, B., Meloche, S., McNicoll, N., Lord, C., & De 1an, A. (1989)

Biochemistry 285599-5605.

Li

esis of those residues enable both ANP and CNP to potentlyLowe, D. G. (1992)Biochemistry 3110421-10425.



12956 Biochemistry, Vol. 35, No. 39, 1996

Lowe, D. G., Chang, M.-G., Hellmiss, R., Chen, E., Singh, S.,
Garbers, D. L., & Goedel, D. V. (198EHMBO J. 8 1377
1384.

McNicoll, N., Escher, E., Wilkes, B., Schiller, P. W., Ong, H., &
De Léan, A. (1992)Biochemistry 314487-4493.

Meloche, S., McNicoll, N., Liu, B., Ong, H., & De lam, A. (1988)
Biochemistry 278151-8158.

Mizuno, T., lwashina, M., ltakura, M., Hagiwara, H., & Hirose, S.
(1993)J. Biol. Chem. 2685162-5167.

Manwaring, J. D., & Csallany, A. S. (1988)pids 23 651—-655.

Okyama, Y., Miyamoto, K., Saito, Y., Minamino, N., Kangawa,
K., & Matsuo, H. (1992Biochem. Biophys. Res. Commun. 183
743-749.

Rondeau, J.-J., McNicoll, N., Gagnon, J., Bouchard, N., Ong, H.,
& De Léan, A. (1995)Biochemistry 342130-2136.

Schoenfeld, J. R., Sehl, P., Quan, C., Burnier, J. P., & Lowe, P. G.
(1995) Mol. Pharmacol. 47172—180.

Schager, H., & Von Jagow, G. (198Anal. Biochem. 166368~
379.

McNicoll et al.

Stingo, A. J., Clavell, A. L., Aarhus, L. L., & Burnett, J. C. (1992)
Am. J. Physiol. 262H308—-H312.

Stults, J. T., O'Connel, K. L., Garcia, C., Wong, S., Engel, A. M.,
Garbers, D. L., & Lowe, D. G. (1998iochemistry 3311372~
11381.

Tallerico-Melnyk, T., Watt, V. M., & Yip, C. C. (1995Biochem.
Biophys. Res. Commun. 20830-935.

Waugh, S. M., DiBella, E. E., & Pilch, P. F. (198Bjochemistry
28, 3448-3455.

Wu, D., Wang, L., Chi, Y., Sato, G. H., & Sato, J. D. (19%pc.
Natl. Acad. Sci. U.S.A. 8B151-3155.

Wells, J. A., Cunningham, B. C., Fuh, G., Lowman, H. B., Bass,
S. H., Mulkerrin, M. G., Ultsch, M., & de Vos, A. M. (1993)
Rec. Progr. Horm. Res. 4253-275.

Yip, C. C., Hsu, H., Patel, R. G., Hawley, D. M., Maddux, B. A.,
& Goldfine, I. D. (1988)Biochem. Biophys. Res. Commun. 157
321-329.

BI1960818Q



